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Abstract. This paper describes the development of a

suitable biotechnology to cryopreserve the spermato-

phores of the edible crab Scylla serrata in a viable condi-

tion. Three temperatures (-4C, -79C. and -196C)
were chosen to preserve the spermatophores and seminal

plasma, collected from the middle region of vas deferens

of mature male crabs, for 30 days. Sperm viability was

determined by the eosin-nigrosin dye exclusion method,

as applied to entire spermatophores. Of the three temper-
atures tested, the maximum percentage of sperm viabil-

ity was obtained at -196C, whereas it significantly de-

creased at 4C. Biochemical alterations of the major
substrates such as proteins, carbohydrates, and lipids, as

well as the enzyme Lactate Dehydrogenase (LDH) oc-

curred only at 4C, reflecting their use in the metabolic

activities of the spermatozoa contained within the sper-

matophores. At -4C, the TCA-soluble total free sugars

increased in correspondence with a decline in the bound

sugars, suggesting that the latter may be used rapidly dur-

ing sperm storage. Our data also suggest that, at -79C
and - 196C, the frozen spermatozoa retain viability but

do not exhibit metabolic activity.

To investigate the role of cryoprotectants in prevent-

ing damage to the sperm cells/spermatophores during

Cryopreservation, four cryoprotectants, glycerol, di-

methyl sulfoxide (DMSO), trehalose, and DMSO+ tre-

halose combination, were tested. Using the phosphate
buffer as the standard diluent, glycerol gave the best re-

sult. When used alone, trehalose gave only a low sperm
survival, but in combination with DMSO. it gave an in-

creased viability that equalled the result with glycerol.

Werecommend that glycerol is the best cryoprotectant

inasmuch as the biochemical alterations in the glycerol
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DMSO Dimethyl sulfoxide.

medium is less, compared to that of DMSO+ trehalose.

When used alone, DMSOmay be more toxic to the

sperm cells as it gave a low viability value even at -
1 96C

and -79C.

Introduction

Cryopreservation of gametes is a common method

practiced in conjunction with artificial insemination in

mammals (Leverage el a/., 1972). Many attempts have

also been made in this respect to cryopreserve spermato-
zoa of the teleost fishes (Horton and Ott, 1976). Al-

though decapod crustaceans have become important in

aquaculture in recent years, Cryopreservation techniques
have not been employed for in vitro fertilization in

prawns, lobsters, or crabs. However, using electroejacu-

lation techniques, extraction of intact spermatophores
and their attachment onto females have been accom-

plished in several decapods like shrimps and lobsters

(Chow el a/.. 1985; Ishida el a/.. 1986). On the other

hand, no work has been done on the artificial insemina-

tion or in vitro fertilization of crabs. Brachyuran crabs

produce simple spermatophores that are carried in the

fluid medium of seminal plasma. Therefore, any attempt
to cryopreserve male gametes will include both the sper-

matophores and the seminal plasma. Previous studies on

the seminal plasma of crustaceans such as crabs ( Jeyalec-

tumie and Subramoniam, 1987) and cirripede (Barnes,

1962) indicated a similarity, in terms of providing ener-

gy-yielding substrates, with the semen of mammals. The

objective of the present study was to determine a suitable

temperature and an extender to cryopreserve the sper-

matophores as well as seminal plasma of the crab, Scylla

serrata. Fluctuations in the biochemical composition of

the spermatophores and seminal plasma during cryo-

preservation at selected subzero temperature conditions
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were also followed. LDH enzyme showed significant

fluctuation during spermatophore storage in the crab,

Paratelphusa hydrodromous (Jeyalectumie and Subra-

moniam, 1987) and hence, in the present study, fluctua-

tions in the LDH activity of seminal plasma of Scy/la

serrata during cryopreservation were also determined.

Materials and Methods

Collection of sample

Seminal plasma containing vesiculate spermatophores
was collected in a petri dish after puncturing the thin wall

of the mid vas deferens. The samples collected were used

for the cryopreservation studies.

Initial cooling, dilution, and freezing

The diluent for spermatophore preservation was pre-

pared, according to Behlmer and Brown ( 1 984), immedi-

ately before use by mixing 25 ml of 0.4 MNaCl/0. 1 M
glycine, 4 ml of 0.028 MNaH: PO4 /0.072 A/Na 2 HPO4 ,

and 5 ml ofglycerol. Apart from this, three other diluents

were prepared by substituting glycerol with trehalose

(0.25 M), DMSO(5%), and a combination of DMSO
(5%) and trehalose (0.25 A/). These are the cryoprotec-

tants commonly used for various biological systems

(Lovelock and Polge, 1954; Hughes, 1973; Asahina and

Takahashi. 1978; Zell et a!., 1979; Behlmer and Brown,

1 984; Chow etal. 1985; Stephens, 1986; Anchordogy et

ai, 1988). Analytical grade glycerol, trehalose, and

DMSOwere purchased from Sarabai Chemicals (India),

BDH(England), and SD's (India), respectively.

The freshly collected sample was diluted to 20% sper-

matophore suspension by mixing four volumes of dilu-

ent to one volume of seminal plasma. Similarly, the sper-

matophoric suspensions in four different diluents were

prepared separately. After dilution, the seminal plasma
was aspirated into 0.5-ml semen storage straws having

one end sealed. After filling, the open side of the straw

was sealed with polyvinyl alcohol. Immediately after this

process, all the straws containing the sample were kept

for equilibration at 4C for 16 h. Prior to freezing at

- 196C in liquid nitrogen, the straws were kept exposed

to the liquid nitrogen vapor for an hour and then im-

mersed completely in the liquid nitrogen. Similarly, for

-79C, the straws were exposed to gaseous Co: for an

hour, and then placed directly onto the dry ice. For

4C, the straws were kept inside the freezer. All the

above samples were stored for 30 days. Fresh, unfrozen

semen, with appropriate diluents, were used as a control.

Our attempts to freeze the seminal plasma without

adding the diluent in the three temperature conditions

did not yield fruitful results. The 'dry' seminal plasma
becomes coagulated after its transfer to the subzero con-

dition. A similar problem was also mentioned by Asah-

ina and Takahashi (1978) and Yoo et al. (1987), who
found that removal of cryoprotectant led to agglutina-

tion of the spermatozoa of both sea urchins and salmon.

Storing semen in diluent without adding any cryoprotec-

tant resulted in the clumping of the spermatophores after

thawing, thus precluding the preparation of good smear

for the viability study. Moreover, in the previous studies

on cryopreservation of male gametes in fishes and inver-

tebrates such as horseshoe crabs, molluscs, and sea ur-

chins, only the pre-frozen semen has been used as the

control (Asahina and Takahashi, 1978; Zell et al., 1979;

Withler, 1982; Behlmer and Brown, 1984; Kurokura et

al., 1986).

Thawing

Thawing was accomplished by immersing the straws

containing frozen seminal plasma in tap water (room

temperature). The thawed seminal plasma was collected

from the straws into clean test tubes by cutting open both

the sealed ends.

Evaluation of viability ofcryopreserved spermatophores

To evaluate sperm viability inside the spermatophore,

the eosin-nigrosin staining method of Zaneveld and Po-

lakoski (1977) was used. A smear was prepared by mix-

ing one drop of thawed seminal plasma with one drop of

0.5% eosin and two drops of 10% nigrosin. These slides,

after being air-dried, were examined using a brightfield

microscope. Care was taken to complete the observation

within 2 min of smear preparation. Dead sperm cells in-

side the spermatophores appeared pink, whereas live

cells were unstained against a red background of nigro-

sin. For each observation, about 300-400 spermato-

phores were counted in a given square area. The validity

of eosin-nigrosin staining method was tested using the

sperm cells, intentionally killed by exposing them to

room temperature for 30 min.

Biochemical analysis

Protein was estimated by the method of Lowry et al.

(1951). The protein in 0.2 ml of diluted seminal plasma
was precipitated using 10% TCA. Using bovine serum

albumin as a standard, the absorbancy was recorded at

500 nm. Total free sugars (TFS) were estimated by the

method of Roe (1955). Protein-bound sugars (PBS) and

glycogen were estimated following the method of Caroll

et al. ( 1956). After hydrolyzing the sample to release the

bound sugars in 1 N H: SO4 at 95C, the same was treated

with anthrone reagent. Glycogen was precipitated by eth-

anol from the supernatant obtained during protein pre-

cipitation and was dissolved in 0.5 ml distilled water and
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Table I

Cryopreservalian experiment on seminal plasma of ~Scylla serrata with different cryoprolectants:

evaluation ofspermatophore viability (percentage) (mean S.E.)
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Table II

Fluctuation in biochemical components of cryopreserved seminal plasma o/'Scylla serrata at three different temperatures

and with different cryoproleclanlx (mean S.E.I
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Table HI

Conditions oj cryoprese rraiion of male gametes of Arthropoda

SI.

no. Species Cryoproteclant

Preservation Percentage of Method of testing

Temperature period survival viability References

Decapod Crustacea

1 . Sicyonia ingentis

2. S. ingentis

3. Macrobrachium

rosenbergii

4. Scvlla serrata

Insecta

5. Apis mellifera

Arachnida

6. Limulus

polyphemus

DMSO+ Trehalose

Trehalose, Sucrose.

Proline. Glycerol,

DMSO
Glycerol

Glycerol. DMSO,
Trehalose,

DMSO
+ Trehalose

Glycerol, Seminal

vesicle fluid,

Spermathecal

fluid

Glvcerol

-196T
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(Hughes, 1973), whereas combining DMSOwith glycine

and NaHCOincreased the fertility to 96% (Zell et a/.,

1979). Asahina and Takahashi (1978) showed that

DMSOexhibited protection similar to that of ethylene

glycol against freezing injury, whereas at room tempera-
ture DMSOwas toxic. In S. serrata, trehalose, when used

alone, is not a good cryoprotectant; however, when com-

bined with DMSO, the viability of sperm is significantly

increased. In the ridge back shrimp Sicyonia ingentis,

Anchordogy et at. (1987, 1988) also found a low sperm

viability when trehalose was used as the cryoprotectant.

However, when the DMSOwas combined with treha-

lose, these authors found increased viability. Interest-

ingly, in this shrimp, the free spermatozoa stored very

well with DMSOeither alone or in combination with

other cryoprotectants such as trehalose, sucrose, proline,

and glycerol (Anchordogy et al., 1988).

Obviously, the chief concern regarding spermatozoa
that have undergone cryopreservation is whether they

are of a quality, in terms of viability and vitality, compa-
rable to that of fresh spermatozoa. Although fertilization

is the ultimate criterion by which the quality of post-pre-

served spermatozoa can be assessed, it is also presently

an impractical one. It is difficult to obtain ova, as the

exact period of oviposition of these crabs is unknown,

which, therefore, precludes routine fertility tests. Thus
the quality of cryopreserved spermatozoa was assessed in

lieu of fertilization, as has been determined for Salnio

salar spermatozoa by Yoo et al. ( 1 987), by estimating the

biochemical fluctuations in the preserved spermatozoa.
Biochemical alterations, if any, in the spermatophores

of crustaceans that have been cryopreserved have not

been previously reported. However, the protein compo-
nent in the ovine seminal plasma undergoes qualitative

changes during cold storage (Garner and Ehlers, 1971).

Yoo et al. (1987) reported the loss of protein from the

cryopreserved spermatozoa into the outer seminal

plasma in salmon, due to leakage through the cell mem-
brane into the outer medium. In bovine semen, Pickett

and Komarek (1964) also showed leakage of lipids into

the seminal plasma from the cryopreserved spermato-
zoa. It is not known whether any such change occurs in

the protein or lipid contents relative to the sperm cells

and seminal plasma of 5. serrata during cryopreserva-

tion. In the present study, there were practical difficulties

in completely isolating the spermatophores from the

seminal plasma after cryopreservation; even after re-

peated centrifugation of seminal plasma diluted with the

diluents, the granular substances of the seminal plasma
adhered to the spermatophores, thus making it difficult

to isolate the spermatophores. It should also be noted

that arthropod spermatozoa are sensitive to centrifuga-

tion (Behlmer and Brown, 1984) and hence repeated

centrifugation may cause increased leakage of organic

substrates and enzymes from the sperm cells to the me-

dium, as has also been reported by Barnes and Black-

stock ( 1 974) for cirripede semen.

Biochemical results of the present study reveal an in-

teresting pattern of substrate use during cryopreserva-

tion. At 4C, the total carbohydrates showed a signifi-

cant decline, although protein also showed a decline. In

S. serrata. carbohydrates formed the main substrate used

during sperm maintenance within the spermatheca of

the mated female (Jeyalectumie, 1 989). The reduction in

the carbohydrate level, when preserved at -4C, further

indicates that the metabolic activity of sperm may con-

tinue using carbohydrate substrates. The activity of the

LDHalso declined at -4C. This may be due to the death

of sperm cells, which accounts for 1 8%. According to Ja-

cobs et al. (1986), the dissociation and loss of LDHactiv-

ity occur at low temperatures; by 45 days of storage, hu-

man serum retained 74%, 53%, and 87% of initial activ-

ity when stored at 25C, 4C, and -20C, respectively.

Our preliminary observations on glycosidases activity in

the seminal plasma and spermatophores of this crab us-

ing different substrates such as /}-D-glucopyranoside, 0-

D-galactopyranoside, /3-D-mannopyranoside, and a-N-

Acetyl galactosaminide indicate high enzyme activity

(Yu-Teh Li, T. Subramoniam, and C. Jeyalectumie, un-

pub. obs.). All these may indicate that sperm storage in

a metabolically active condition require active substrate

use by spermatozoa contained in the spermatophores.
In conclusion, our results suggest that glycerol pro-

vided the best protection for the seminal plasma and

maintained a high percentage of sperm viability. DMSO
is toxic at room temperature; the decreased value of sper-

matophore viability at -4C when DMSOwas used as

the cryoprotectant, may also support this view.
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